Background: Multichannel electrogastrography (M-EGG) can be used to evaluate gastrointestinal mo-
Introduction
Many techniques allow gastrointestinal motility to be observed and measured. Electrogastrography (EGG) records the electrical activity associated with stomach peristalsis, and it has recently attracted attention as a new means of evaluating gastric motility. The first EGG was recorded in 1922 by Walter Alvarez (1) and utilized cutaneous electrodes applied to the epigastric region. Since then, single-channel EGG has become a widely used technique in clinical and research practice. Recently, multichannel EGG (M-EGG) has been developed, a technique that allows data to be recorded on 4 channels simultaneously.
Although vagus nerve preserving distal gastrectomy (VP-DG) has become a common operative method for early gastric cancer, there have been few scientific evaluations of remnant stomach function following this procedure. The aims of this study were to compare M-EGG recordings taken from patients who had undergone VP-DG, those who had undergone standard distal gastrectomy (DG) and explore the relationship between symptoms and M-EGG findings.
Recently many studies have used the Gastrointestinal Symptom Rating Scale (GSRS) (2) to evaluate postoperative symptoms following gastrectomy (3) (4) (5) (6) (7) . The GSRS asks questions specific to gastrointestinal symptoms, and the specificity and sensitivity of the scale have been validated. We used the GSRS to evaluate symptoms in post-gastrectomy patients, and explored the relationship between symptoms and M-EGG findings.
Patients and Methods
Twelve healthy volunteers without abdominal complaints and not taking anticholinergic drugs and/or gastroprokinetic agents were examined as controls (healthy volunteers group). Twenty six patients who underwent vagus-nerve preserving distal gastrectomy (VP-DG group) and 20 patients who underwent standard distal gastrectomy (DG group) were enrolled. Informed consent had been obtained from all participants beforehand.
The study was approved by the Kawasaki Medical School Ethics Committee. The participants' demographic details are summarized in Table 1 . The gender distribution, mean age, body mass index in the three groups did not differ significantly.
Surgical procedures
In both the VP-DG and DG groups, the anastomosis was made by Billroth's operation I by using the layer-to-layer hand-sewn method. The VP-DG group patients had early gastric cancer with D1+α lymph node dissection. In the VP-DG group, the hepatic branches of the anterior vagal trunk and the celiac branches of the posterior vagal trunk were preserved, while the gastric branches of both trunks were cut in their distal portions (Fig. 1A, 1B ). In the DG group, all patients had advanced gastric cancer and underwent dissection of D2 lymph nodes and the anterior and posterior vagal trunks were cut at the proximal end. All cases underwent lymph node dissection, and met the curative potential criteria of "Resection A" as defined by the Japanese Classification of Gastric Carcinoma, 14th Edition (8).
M-EGG
M-EGG was conducted two weeks after surgery. After overnight fasting, M-EEG was recorded in the early morning using four electrodes (Medtronic, Minneapolis, MN). The skin was cleaned with water and alcohol before applying the electrodes. The ground electrode (G) was placed on the left costal margin, horizontal to the midpoint of the line between the xyphoid process and the umbilicus. The reference electrode was placed on the xiphoid process. The Channel 3 electrode (Ch3) was positioned between the xiphoid process and umbilicus, and the Channel 4 electrode (Ch4) was placed 4 cm to the right of Ch3, the Channel 2 electrode (Ch2) and the Channel 1 electrode (Ch1) were placed with an interval of 4-6 cm on a line leading from Ch3 at a 45°
angle towards the left costal margin. The grounding electrode was put on the left costal margin on a horizontal line stretching from Ch3 as standard for M-EGG. The electrodes of postoperative patients were placed in the same way. Gastric contrast radiography of DG patients with the electrodes in situ is shown in Fig. 2 . Ch1 and Ch2 were placed above the fundus and upper gastric corpus, respectively. However, Ch3 or Ch4 electrodes were distant from the remnant stomach ( Fig. 2 ) and only signals from Ch1 and Ch2 could be recorded. The recording data from Ch3 and Ch4 were not analyzed in this study. In distal gastrectomy the remnant stomach is anchored by the gastrophrenic and gastrosplenic ligaments. Because these ligaments are not resected in distal gastrectomy, they maintain the position of the gastric fundus in postoperative patients as in normal individuals. Therefore, it was decided that no X-ray examination was necessary to confirm or adjust electrode (cpm) high-pass filter and a 15 cpm low-pass filter were used. 
2) Analysis of M-EGG
Bradygastria, normogastria, and tachygastria were defined as cycle frequency ranges of 0.5-2.0 cpm, 2.0-4.0 cpm, and 4.0-9.0 cpm, respectively. Frequencies outside these ranges were considered as arrhythmia.
The relative times of each during the recording period are reported as %normal, %bradygastria, %tachygas-tria, and the %arrhythmia respectively. Spectrum analysis in each frequency range was performed, and signal data acquired every 256 s were filtered and processed by fast Fourier transformation to obtain power spectra.
Then, the dominant frequency and dominant power were obtained from the power spectra in order to calculate the percentage of time during which the wave of a similar frequency was transmitted from one to the other electrodes (%slow wave coupling: %SWC). Slow wave coupling was defined as the percentage of time during which the peak power frequency difference was <0.2 cpm (9).
Evaluation of postoperative symptoms
After postoperative M-EGG, postoperative gastrointestinal symptoms were assessed using the Japanese version of the GSRS in 15 patients in the DG group and in 12 patients in the VP-DG group. The GSRS consists of 15 items that assess digestive tract symptoms on an interview-based rating scale. The 15 items on the GSRS evaluate the five domains: reflux, abdominal pain, ingestion, diarrhea, and constipation. The GSRS data are presented as syndrome scores and a total score as the mean of specific scores.
Statistical analysis
The results of data analysis are expressed as the mean ± S.D. Statistical significance was set at P<0.05
and determined using the chi-squared test for independence, and Tukey-Kramer's test for multiple comparisons (Post-hoc test). The correlation between M-EGG findings and reported satisfaction was determined using
Pearson's correlation coefficient (r).
Results
The clinical factors at the time of the M-EGG recording, except the intraoperative blood loss, did not differ between the two patients groups ( Table 2 ).
The comparison of the gastric myoelectric activity between the healthy volunteers, and both the VP-DG and DG groups are shown in Table 3 . The %normal, % bradygastria and %tachgastria values recorded from Ch1 and Ch2 in each participant group are shown in Fig. 3 .
%normal from Ch1 in the healthy volunteers group was significantly higher than that in the DG groups (P<0.01) with a significant difference between the two patient groups (P<0.05 ) in the fasting state. In the fed state, %normal from Ch1 in the healthy volunteers group was significantly higher than that in the VP-DG (P<0.01) and DG groups (P<0.01), respectively, with a significant difference between the two patient groups (P<0.05 ) in the fasting state. %normal from Ch2 in the fasting state did not differ in all groups. %normal from Ch2 in the healthy volunteers group was higher than that in the VP-DG (P<0.01) and DG groups (P<0.01), without a significant difference between the two patient groups in the fed state. %normal from Ch1 and Ch2 had no significant difference between the fasting and fed state.
%bradygastria from Ch1 and Ch2 in the fasting state in the DG group was lower than that in the healthy volunteers (P<0.01). %bradygastria from Ch2 in the fasting state had significant difference between the two patient groups. In the fed state, %bradygastria from Ch1 and Ch2 in the DG groups was lower than that in the healthy volunteers group (P<0.01) with a significant difference between the two patient groups (Ch1: P<0.05, Ch2: P<0.05 ).%bradygastria from Ch1 had significant difference between the fasting and fed state in healthy volunteers (P<0.05) and DG group (P<0.05).
%tachygastria and %arrhythmia from Ch1 and Ch2 in the fasting and fed states had no significant difference between the three groups. %tachygastria from Ch1 had significant difference between in the fasting and fed state in healthy volunteers group (P<0.05) and DG group (P<0.05).
%SWC from Ch1-2 in the healthy volunteers group were significantly lower than that in the two patient 4A, 4B and 4C, respectively. The slow wave with a frequency of approximately 3 cpm was observed in the healthy volunteers group (Fig. 4A) , indicating normal gastric electrical activity. A similar 3-cpm waveform was also seen in the VP-DG group (Fig. 4B) , while the irregular slow wave were seen in the DG group (Fig. 4C) . The any of GSRS scores had no significant difference between the VP-DG and DG group ( 
Discussion
Preservation of the vagus nerve is expected to improve the quality of life of patients after gastrectomy by decreasing post gastrectomy symptoms such as diarrhea. However, evidence to support this supposition is scant, not least because few objective methods of evaluation exist. M-EGG was specifically developed to evaluate gastric motility. This approach has enabled us to acquire substantial quantities of novel data on gastric motility. Therefore, we used the same technique to evaluate vagus nerve-preserving gastrectomy, and determine whether objective methods of recording gastric motility correlated with postoperative symptoms by means of a questionnaire-based survey.
Imai and colleagues (10) conducted EGG in healthy volunteers after administration of intravenous atro- pine sulfate, and found that normal gastric motility was almost completely abolished with clearly diminished waveform amplitudes in all subjects. As a result of this study it can be concluded that nearly all components of the EGG trace can be attributed to vagal activity. Geldof and colleagues (11) reported highly selective vagotomy is associated with abnormalities in myoelectivity. However, the effect of vagus nerve preservation on the gastric electrical activity after gastrectomy has not been reported until now. We found that the relative We suggest that the remnant stomach with preserved vagal innervation might maintain the motility of the remnant stomach as well as receptive relaxation. Further examination of gastric myoelectrical activity regarding relaxation of the proximal stomach is needed.
As shown in this study, we found that under fed conditions, the %bradygastria recorded in Ch1 and Ch2 were higher in the DG group than in the VP-DG group. Furthermore, %bradygastria from Ch2 in the fasting state was higher in the DG group than in the VP-DG group. This is likely to have been caused by the loss of vagal efferent stimulation of the gastric plexuses due to the vagus nerve dissection in the DG group. %SWC is a unique parameter of M-EGG, and is used in the evaluation of diseases accompanied by abnormal gastric motility. %SWC is significantly lower in patients with functional dyspepsia and systemic sclerosis compared with healthy individuals (17) . Our previous study comparing %normal and %SWC with parameters obtained from a 13 C-acetate breath test revealed that the %normal measured in Ch1 of the M-EGG correlated with elimination half-life (T1/2) and lagtime (Tlag). The %SWC as determined by M-EGG from all channels correlated with T1/2, Tlag, and the gastric emptying coefficient, suggesting that %normal and %SWC values indicate gastric emptying through gastric movement and gastric emptying through coordinated movement of the stomach, respectively (18). We did not find a significant difference in %SWC values between the VP-DG and DG groups. In the VP-DG group, the fundic branches were preserved in the remnant stomach (the gastric fundus) where Ch1 was placed, while the gastric branches were resected (the upper corpus of the stomach)
where Ch2 was placed. This means that efferent vagal nerve fibers remained capable of stimulating the gastric myenteric plexus in the fundus, but not in the upper corpus of the stomach, and thus propagation of gastric electrical activity was abnormal, resulting in decreased %SWC values. While, in the DG group, the vagus nerves that branch into the fundus and the upper corpus of the stomach were generally cut as part of lymph node dissection. Thus the gastric myenteric plexus in both parts of the stomach did not receive efferent vagal inputs, and thus propagation of gastric electrical activity was abnormal, resulting in decreased %SWC values.
Imai and colleagues examined EGG recorded after total or subtotal gastrectomy and found that 3 cpm power peaks were absent after total gastrectomy, suggesting that EGG measures gastric electrical activity (19) .
On the other hand, two thirds of patients who had undergone subtotal gastrectomy exhibited waveforms similar to those observed in healthy individuals, indicating that the region serving as the gastric pacemaker was not removed during gastrectomy in these patients. Schaap Fluoroscopy often fails to detect peristalsis of the remnant stomach. The stomach can be divided into two regions depending on motility pattern: the proximal region that shows receptive relaxation and tonic contraction, and the distal region that shows mainly peristalsis (22) . Cannon and colleagues reported that EGG waveforms were independent of gastric motility, as showed by fluoroscopy, which mainly represents the function of the proximal region of the stomach (22, 23) . It appears that M-EGG is capable of detecting preserved function in the remnant stomach that cannot be assessed by gastric excretion tests such as fluoroscopy.
Tsuji et al. (24) compared the quality of life of VP-DG and DG patients, and found that body weight recovery was significantly better in the VP-DG group. In addition, the reduction in the visceral fat area was significantly greater in the DG group than in the VP-DG group (25) . These findings indicate that vagus nerve preservation benefits patients by helping them achieve a better postoperative quality of life, but its underlying mechanisms are still unclear. If the remnant stomach has preserved function, patients might experience fewer symptoms and have better food intake, which will result in a better quality of life. We believe that our findings of preserved electrical activity in the remnant stomach of the VP-DG group presents a new perspective and scientific evidence for the benefits of vagus nerve preservation.
There are some studies that have examined the potential links between EGG findings and digestive symptoms (26) (27) (28) (29) (30) (31) (32) (33) . In systemic sclerosis patients, gastric dysrhythmias were associated with certain gastrointestinal symptoms (26). Significant correlation was found between the symptom score and the percentage arrhythmia in patients in the fed state or in patients after either bone marrow or stem cell transport (27) . In patients with unresectable cancer, the severity of symptoms was significantly higher in patients with abnormal EGG results (28) . On the other hand, some investigators reported no correlation was observed between EGG parameters and symptoms (34) (35) (36) (37) . As different methods have been applied in various investigations, there is only limited comparability. We found significant negative correlations between %SWC and GSRS subscale scores (reflux, abdominal pain, and indigestion) in the VP-DG group, although %SWC in the VP-DG group was not significantly different from that in the DG group. Since pain-related behavior after administration of acids is suppressed in animals that have undergone vagus nerve resection, the afferent fiber of the vagus nerve is believed to play an important role in the experience of abdominal symptoms (38) . The afferent fiber of the vagus nerve was preserved in the VP-DG group, and therefore, abdominal symptoms were linked to the M-EGG findings.
On the other hand, in the DG group, because the afferent fibers of the vagus nerve were cut, abdominal symptoms were independent of M-EGG. In this study, scores for the three GSRS subscales likely to represent upper abdominal symptoms were recorded: reflux (heartburn and regurgitation); abdominal pain (abdominal pain, hunger pains, and nausea); and indigestion (borborygmus, abdominal distension, eructation, and increased flatus). We found significant correlation between %SWC in the fed state in the VP-DG group. This correlation indicated that the M-EGG recording particularly reflected the degree of upper abdominal symptoms.
To our knowledge, this study is the first to demonstrate the correlation between M-EGG findings and gastrointestinal symptoms after gastrectomy. In the VP-DG group, it was surmised that gastric electrical activity was preserved because the fundic branches of the vagus nerve were preserved, and this may explain why gastrointestinal symptom scores correlate with gastric electrical activity (%SWC). In the DG group, gastrointestinal symptom scores did not correlate with gastric electrical activity (%SWC), probably because vagus nerve resection abolished efferent vagal inputs to the gastric myenteric plexus, thereby disturbing gastric electrical activity. In this study, we found a negative correlation between %SWC in VP-DG group and fed state but not in the fasting state. Because of the significant increase of %SWC after feeding in healthy volunteers group, we suggest that this negative correlation was affected by vagal stimulation following feeding. These results thus indicated that M-EGG was useful for evaluating postoperative function of the remnant stomach in VP-DG patients with preserved gastric electrical activity, on the basis of its correlation with gastrointestinal complaints.
However, M-EGG was not useful for evaluating DG patients since disturbed gastric electrical activity did not correlate with complaints.
In conclusion, VP-DG patients showed better preserved gastric myoelectric activity than DG patients, and %SWC showed a significant negative correlation with scores of GSRS (stomach acid reflux, abdominal pain, indigestion, total score) in the VP-DG group. These data reveal the functional superiority in the myoelectric activity of VP-DG compared with DG using objective data obtained using M-EGG.
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